ABSTRACT
I
ncidental thyroid nodules (ITNs) are commonly encountered on imaging studies, being seen in 50% of ultrasonographic studies and 16%-18% of CT and MR imaging studies that include the thyroid gland. [1] [2] [3] While ITNs are associated with a low rate of malignancy, and subclinical thyroid cancers have an excellent prognosis, [2] [3] [4] [5] [6] ITNs pose a management dilemma for radiologists and other clinicians whose concern for missing malignancies may lead to further evaluation for small nonspecific thyroid nodules.
The reporting practice of ITNs seen on imaging is highly variable among radiologists. 7 Radiologists must exercise their judgment when reporting and issuing recommendations regarding incidental thyroid nodules. The reporting of ITN on imaging can lead to further investigation, such as follow-up sonography examinations, fine needle aspiration biopsy (FNAB), or, in some cases, diagnostic thyroid lobectomy or thyroidectomy. 8, 9 Of patients who undergo FNAB, 22%-51% proceed to surgery. [10] [11] [12] These surgical patients represent an important group to study because they have higher costs and morbidity associated with the work-up of their ITNs. Thus, it is important to consider the costs and benefits of work-up in patients with ITN who fall into this surgical group. A substantial number of patients who undergo surgery do not have cancer. 10 When the preoperative cytology result from FNAB is malignant, the sensitivity of cytology is high (99%). 13 However, it is recommended that patients with cytology of "follicular neoplasm," "suspicion for follicular neoplasm," and "suspicion for malignancy" also proceed to surgery. With these other categories, the false-positive rate of cytology can be as high as 44%. 13 In addition, thyroid surgery can result in such complications as recurrent laryngeal nerve injury, hypoparathyroidism, and bleeding. Therefore, radiologists should understand the downstream sequelae of a clinical pathway that begins with an imaging-detected ITN and ends with surgery. The purpose of this study was to describe characteristics and pathology results of ITNs that undergo surgery. We hypothesize that imaging-detected ITN comprise a substantial proportion of surgeries for thyroid nodules, and that many thyroid nodules are in the end benign on final surgical pathology.
MATERIALS AND METHODS

Study Subjects
We performed a retrospective study of 303 consecutive patients who underwent thyroidectomy or lobectomy between January 1, 2012, and December 31, 2012, at a single large academic institution to identify patients who presented with an ITN on imaging. Patients were identified by Current Procedural Terminology codes for thyroid lobectomy and thyroidectomy (60210, 60212, 60220, 60240, 60252, 60254, 60255, 60260, 60270, and 60271). Medical records were reviewed for the presentation of the thyroid nodule and identification of thyroid cancer. This study was approved by the Institutional Review Board and was compliant with the Health Insurance Portability and Accountability Act.
An ITN on imaging was defined as a nodule originally detected on an imaging study performed for other reasons in a patient with no clinical symptoms, examination findings, or suspicion for thyroid cancer. Patients were excluded if they had a palpable nodule or mass (representing primary or nodal disease) or had thyroid nodules detected on sonography performed for abnormal thyroid function test results without a palpable nodule or mass. The decision to biopsy an ITN is made by the referring clinician. Many clinicians follow the American Thyroid Association guidelines for sonography criteria, but this may not be uniform practice. 14 Patients with ITN generally proceed to surgery if the cytologic results obtained by FNAB demonstrate follicular neoplasm or suspicion for follicular neoplasm, suspicion for malignancy, or malignancy (Bethesda classes IV, V, and VI). 15 Patients could also proceed to surgery if cytology demonstrates atypia of undetermined significance or follicular lesion of undetermined significance (Bethesda class III) if they do not want to undergo surveillance or rebiopsy or have worrisome characteristics on sonography. Medical records were also reviewed for demographic information, including patient age and sex, clinical features, including the risk factors for thyroid cancer such as a family history of glandular abnormalities or exposure to external beam radiation, and nodule characteristics on imaging.
Outcome Measures and Statistical Analysis
The primary outcomes of interest were the cytology and final surgical pathology results. These results were interpreted by board-certified pathologists. We also described the pattern of work-up, including imaging studies leading to detection, subsequent steps in work-up, and timing of surgery after detection of the nodule. The imaging-detected incidental cancers were reviewed for cancer characteristics, histology, and tumor stage according to the American Joint Committee on Cancer. 16 Patient demographic data, nodule size, imaging modalities, and FNAB cytology were compared for the benign and malignant imaging-detected ITNs with the unpaired t-test for continuous data and the 2 test or Fisher exact test for categoric data. The Fisher exact test was used when expected cell frequencies were less than 5. Specifically, for categoric variables with independent groups, P values were calculated for CT versus other imaging modalities and for cytology diagnostic categories I, II, and III versus IV, V, and VI. P Ͻ .05 was considered to indicate a statistically significant difference. Data were entered into a spreadsheet for analysis and generation of the descriptive statistics (Excel; Microsoft, Redmond, Washington). Statistical analyses were performed using SAS Enterprise software (version 4.2; SAS Institute, Cary, North Carolina).
RESULTS
Over a 1-year period, 303 patients (236 females and 67 males, mean age 51 years, age range of 8 -87, and with 5 patients younger than 16 years of age) underwent thyroid surgery for symptomatic and asymptomatic thyroid disease. Of the 303 patients who underwent surgery, 208 (69%) patients underwent surgery for thyroid nodules and 95 (31%) were for symptomatic multinodular goiter or hyperthyroidism refractory to medical treatment (Fig 1) .
Of the 208 patients who presented with thyroid nodules, 47 (23%) had ITNs detected on imaging ( Table 1 ). The most common imaging studies leading to detection were CT (22 of 47, 47%), followed by PET/CT (10 of 47, 21%), sonography (9 of 47, 19%), MR imaging (4 of 47, 9%), chest radiograph (1 of 47, 2%), and echocardiogram (1 of 47, 2%). Of note, 6 of the sonography studies were performed for evaluation of the carotid arteries, and 3 were performed for purposes of parathyroid adenoma localization in patients with primary hyperparathyroidism. All 47 patients with imaging-detected ITN underwent FNAB within a median of 34 days (interquartile range 18 -82 days). In 4 (9%) patients, the decision to biopsy was based on the initial imaging, and full diagnostic sonography was not performed.
The FNAB cytology results for the 47 patients with imagingdetected ITN were nondiagnostic (n ϭ 3, 6%), benign (n ϭ 2, 4%), atypia of undetermined significance or follicular neoplasm of undetermined significance (n ϭ 11, 23%), follicular neoplasm or suspicious for follicular neoplasm (n ϭ 9, 19%), suspicious for malignancy (n ϭ 8, 17%), and diagnostic of malignancy (n ϭ 14, 30%). Note that the 2 patients with benign cytologies underwent thyroid lobectomy at the same time as parathyroidectomy for primary hyperparathyroidism.
The median time between the FNAB and thyroid surgery was 46 days (interquartile range 28 -77 days). Despite the cytology results, the final surgical pathology was benign in 24 of 47 (51%). In the 23 incidental cancers, the histologic types were 20 papillary (87%), 2 follicular (9%), and 1 medullary (4%) thyroid cancer. The mean and median size of imaging-detected tumors was 1.4 cm (SD 0.8 cm) and 1.2 cm (interquartile range 1.0 -1.6 cm), respectively. Nodal metastases were present in 7 of 23 (30%), 4 of which were present in the central neck compartment (N1a) and 3 of which were present in the lateral neck compartment (N1b). No incidental cancers on imaging had distant (extra-cervical) metastases.
DISCUSSION
Outcomes of imaging-detected ITN have been reported, but this study is the first to focus on ITN in patients who underwent surgery. This group represents only a fraction of all ITNs encountered in a radiology practice, but it is a group that is more likely to harbor malignancy and to have higher costs associated with workup. We found that imaging-detected ITNs comprise nearly onefourth of surgeries for thyroid nodules. Despite cytology results that lead to surgery, more than half of ITNs are ultimately benign on final surgical pathology.
The malignancy rate in ITNs undergoing surgery varies widely in the existing literature. Kroeker et al 11 studied 133 imaging-detected ITNs referred to a single surgeon and found that 41% were managed surgically, of which 86% were malignant. Hobbs et al 10 also evaluated 114 imaging-detected ITNs in patients who underwent FNAB under sonography guidance. They found that 25% of patients proceeded to surgery after FNAB, and only 24% of these patients were diagnosed with thyroid cancer. The marked difference in malignancy rate is likely related to differences in the study cohorts. Patients referred to a single surgeon in Kroeker et al's 11 study were more likely to have malignancy because they were referred for concerning features that warrant surgery. Hobbs et al's 10 study cohort was more likely to have benign pathology results because it represents indeterminate ITNs that a radiologist was asked to biopsy under sonography, and many of these nodules were small. Our study had a malignancy rate of 49%, which lies between these 2 studies. All 3 studies highlight that FNAB is a minimally invasive and critical diagnostic tool, but it is important to select nodules carefully for biopsy. After FNAB, a significant portion of patients with imagingdetected ITN proceed to surgery because of suspicious or indeterminate cytology results and many may be for benign disease. New strategies, such as sonography elastography and molecular testing, may reduce unnecessary surgery in those patients with inconclusive FNAB. 17 Another strategy may be to apply stricter guidelines to reduce FNAB or to observe thyroid nodules with serial ultrasounds rather than performing FNAB. 14, 18 Another reason for studying a group of surgical ITNs is to understand the contribution of imaging-detected ITN to a surgical cohort. In our study, 23% of thyroid nodules that proceeded to surgery were imaging-detected ITNs. The rate of ITN is similar to the study by Hobbs et al 10 whose cohort were patients undergoing sonography-guided FNAB; they found that 29% (114 of 390) of these patients presented with imaging-detected ITN. Other studies that focus on thyroid cancers report that 15%-39% are incidental cancers detected on imaging. 19, 20 It is possible that many of the incidental cases in our study would not have been diagnosed in the patient's lifetime if not for imaging. If we consider the scenario in which they were not diagnosed, the impact would be 23 undiagnosed cancers and 24 patients who would not have undergone work-up and surgery for benign disease in 1 year at our institution. While missing 23 cancers in 1 year may alarm some radiologists, it is important to recognize that most of the cancers were localized small papillary thyroid cancers, which have excellent prognosis with treatment. Although it is controversial, many believe the prognosis is excellent even without treatment, especially for older patients (Ն60 years). 21, 22 The disadvantage of work-up is that these 47 patients represent just a small fraction of the patients who underwent work-up for ITN with sonography and FNAB. The health care costs attributed to work-up of thyroid nodules is significant because 1 in 2 Americans have thyroid nodules greater than 5 mm. 6 An unexpected finding in this study was that CT accounted for almost half of ITNs that went to surgery. Sonography has higher resolution than CT and has been commonly proposed as the primary technique responsible for the over-diagnosis of thyroid cancer. 23 Our study draws attention to CT as a large source of ITNs. This finding may also be explained, in part, by the fact that CT utilization has increased rapidly in the United States, at a rate greater than sonography, and utilization of CT scanning exceeds sonography. 24, 25 Hoang et al 24 reported a strong linear relationship between new cases of subcentimeter thyroid cancer and the number of CT scans per year, suggesting that the increase in CT scans may account for increased detection of incidental thyroid cancers. The fact that nearly half of ITNs that proceed to surgery are detected on CT underscores the need for guidelines to reduce the potentially unnecessary work-up of CT-detected ITN. The Duke three-tiered system (Table 2) , for example, addresses ITN on CT, MR imaging, and PET/CT and has been shown to reduce the number of benign biopsies by more than one-third without missing clinically significant malignancies. 3, 10, 26 There were several limitations to this study. First, this study was retrospective in nature and was performed at a single academic radiology practice, which may differ from other institutions with regard to the reporting and work-up of incidental thyroid nodules, the diagnostic yield of FNAB, and the accuracy of cytopathology. Second, the criteria we used to define incidental cancers on imaging may underestimate the incidental cancer rate compared with criteria used in other studies. If we had included nonpalpable cancers in patients with abnormal thyroid function test results, the prevalence of incidental thyroid cancers would be higher. We chose to exclude these groups to estimate the impact of work-up of nodules that radiologists encounter when imaging is performed for reasons truly unrelated to the thyroid gland.
CONCLUSIONS
Imaging-detected ITNs comprise nearly one-fourth of surgeries for thyroid nodules at our institution, and CT scans are the source of almost half of the ITNs identified in this series. Despite indeterminate or suspicious cytology that leads to surgery, more than half are benign on final pathology. Most incidental thyroid cancers on imaging are small papillary cancers without nodal and distant metastases. Future guidelines that address reporting and work-up of ITNs seen on CT imaging may better tailor work-up and reduce unnecessary surgery. a Suspicious lymph nodes are defined as nodes Ͼ10 mm in short axis (with the exception of jugulodigastric lymph nodes, which were permitted to be up to 15 mm in short axis), or nodes that contained either calcifications, cystic components, or irregular margins.
